PCT ' 



[ P C T 1 8 ft, PC T«flU43 v 44] 



ffllliAXlittJSA 
<^S«lE-§- M00-C-112CT1 


^«©#»#lc:ovNTf±, HIRPaMftoaSWiiftWKCPCT/I SA/2 2 0) 

'StfTS5Sr#SRt5ri. 


mmmm^ 

PCT/ J P 0 0/0 4 4 7 7 


(0. £.<£#) 0 6. 0 7. 00 


(B.£.^) 0 7. 0 7. 9 9 





mmm^mm&tti&Ltc^<DMmm&m^£&^Mmmi3k (pctis^) wsa^t^a^Afcigft-rs. 



E P • 




1 Si^fi?3iE^1=r^£5SI 

4. 5S9i<0*Wtt (U mJHA^attJL*: few 5. 



5. mm* m msiA>4 ; ^mbyct)^^*^-r5 0 

□ 3Bm««c*$ixTV^aJ:5l-» feJS^flU^Tft (P C T«IU38. 2(b)) ofi^ti? 
H^flffi&fl8tf ; ffr&Lfc 0 . ffiBIAtt, rwBO««S»»Bii^ 1^7^ Artier 

6. ifcfc^SStiaeitt* 

us 1 1 Bfc-rs. [x] wjsAa J *ufct*s9-efc5. □ <cl 

□ miBAttElSr^^'i^ofc. • 



iSPCT/ISA/2 10 (11^) (1 9 9 8^71) 



m 



• T/ J P 0 0/0 4 4 7 7 



Int. Cl 7 H01L 2 1/3 1 8. 2 9/7 8, 2 9/7 8 8, 2 9/7 9 2, 2 1/8 2 4 7, 2 7/1 0 



WaiE**?ofc*/hR*H- (H»#tMMS (I PC) ) 

Int. Cl 7 H01L 2 1/3 1 8, 2 1/2 0 3, 2 9/7 8, C30B23/08 



B#B3IJli*r*4HS 1926-199 6# 

B#H<&Wi0l/S&r3£4;fa I 9 7 1-2000f 

H *H<Wr»Hffl*f36^« 1 9 94-2000^ 

H*IH3M!JW3£S«W2tfft 1 9 9 6-2000^ 



i^ajSt-ffiffl Litm^-x— ^^<— * (x— *co£|fc, sSSf-ffiffi Lfcfflfg) 
WP I /L 



c. 



x 



A 



JP, 11-1 6 2 8 5 2, A (T^-7^^t*^) , 
a 8. 6 J! . 1999 (18. 06. 9 9) , 
M0 0 6 0-0 0 6 8 (77^-*U 

US, 5616947, Al (Matsushita Electric Indus tial "C 
o. ) , i'F'^J. 1 9' 9 7 ' ( O-^HIO 4 . 97), 

&JP, 8- 1 5 3 8 6 7, A M0 0 4 2~0 0 4 8 



1-4 



1-13 



(x| cm<Dm^^hxmmm^nx^^. 



t>CD 

B Sg= L < fHfca>**9J ft 51 £ Sti" -5 * K 5 1 5 
XS* (ISSrWt) 

roj qsatciaBH^ teffl, s*«ic-s&-t-as:itt 



2 7. 0 9. 0 0 



1 0.loao 



B*ffl#fFrT ( I S A/ J P) 
100-8915 



R 



8 8 3 1 



ffi8S#-^ 03-3581-1101 rt^ 3 4 6 9 



«SPCT/ISA/2 10 (12^-v;) (1 9 9 8^7^) 



THIS PAE;: SUH;: ;-3pto> 



0 



T/ J P 0 0/0 4 4 7 7 



C ■ 



jjT=tV — * 



x 

Y 
A 



X 
Y 
A 



JP, 64-82671, A (0^1 
2 8. 38. 1989 (2 8. 03. 



8 9) , 



JP, 10-223901, A (y-~*fc££*±) 
21. 8 £ . 1 998 (21. 08. 98) , 
^JC&US, 5929467, Al 



JP, 62-92327, A 0&5£#S: B uMWffi) 
27. 4J1. 1987 (2 7. 04. 8 7), 
S&3Hi£-bWl 8*T-:&±ffil3fT 



14 
15 

16-23 



14 
15 

16-23 



15 



JP, 9-309795, A 
— ), 2. 121. 1997 



(«A77-f>t7 
(0 2. 1 2. 9 7), 



1-13 



JP, 1-211976, A ( B *1 
2 5. 8 1 9 8 9 (2 5. 0 8. 
±X (7 7^ y— ftU 



8 9) , 



11-13 



iSCPCT/ISA/2 10 C%2^-i><Dm*) (l 9 9 8¥7fl) 



mtum** wt/jpoo/o4 4 7 7 



«SPCT/ISA/2 10 (WgU^— ^) (1 9 9 8¥7fl) 



THIS PAGE BLANK 



# ST 



;>j 3: #J 



i 



PCT 

(Smi 2&, J*J£ff^"J^56^) 
[ P C T 3 6 *Jltf P C T8LRIJ70] 



RECD 2 7 AUG 2001 



wipo 



PCT 



0^«IH-§- MOO-C-1 1 2CT1 



PCT/ J POO/O 4 4 7 7 



" i pea/4 1 6) z&m-rzzt., 



0 7. 0 7. 9 9 



Int CI? H01L21/3 1 8. 29/78, 29/7 88, 29/7 92, 
■MHMMdPC) lBt - C1 " 0 lL2l/8 2 4 7, 2 7/1 0 



1. mmm^m^^tcz<om^mmsm^mnmm^ <pcts6*> 

2. z<omm***M*** co«K«rfne>-c^»-c 4_ *«-**&*6. 

(P C T8UUJ70. 165.^ P C TUlffifflflUfg 6 0 7 -§-#io 

__*g-S>-CfcS, 



3. c©H!8^il#S#««:, *0>rt*fc-£tr. 
— I — 0-H!SHHi«aE«fto.3W 

n □ &5fc«t 
iv Q gs9i«»|i-&<z>**o 



o /o 



via Q S^WS(-»i-5#J!- 



4 

7 



0 2. 0 2. 0 1 


14.08.01 


B3tcH4#1TiT (I PEA/ J P) 
100-8915 


imm&ee <*»©*> *wu | 4 R | 8 8 3 1 


1 «6»« 03-3581-1101 A* 3469 



«SCPCT/I PEA/4 0 9 (*»> (1 9 9 8^7^) 



M&tiiM&^ PCT/J POO/04 4 7 7 



C©SKI^»S«^f4TI2<Offl^lSlwS<5v^^$ixfc„ (£!B6& (PCT14*) coSUSICg^K 
PCTffiaiJ70. 16,70. 17) 



|x] tt3ISI$ro@EgtoK«3I 
□ W*f8# SB 

jb 



IS*ro«Sffl SB 



J®* 



PCT1 9*©aSKfi<3#ffljESixfct>0 



□ bis 



IB 
IB 



2. 



JilBco^Stt. Tiaco-gfr?&3 ST-fcS. 

□ SSS^cOfcfeld^ttJ P C T&aU23. 1 (b) iCV o ?B IR^C CO a-ff 

□ PCTSBIJ48.3(b)|;:V^ISB^ra<OWi& 

n HBI^ffiSSofefcCiiaS*!.*: P C T«MiJ55. 2*fcf*55. 3l£V> 5«iR:fc©«» 



«<OiSffi^fcofc„ . „ ... 



□ SB 

Q mffi eisdcosb 



tiZ><OX\ *<OffilEm2ftti:1>>^tii><Ob LTMLfc. (P CT^glJ70.2(c) w©*BjE«r-g*fSL ! B ! ;tffliKI±-h 



fSPCT/IPEA/4 0 9 (SII) (1 998f7^) 



mmm&-% PCT/JPOO/04477 



v. «f^tt. mi£&xtemm±<omm-*tmmz.r>^x<om%i 2& (pct3 5*(2» *fr£2gtt»t3 
jciftRtrnw . . 



mm& (n) 
mmt (i s) 
Mi±©«iffl^riBtt ( 1 a) 





3. 5-13, 15-23 






1.2,4, 14 






3, 5-13, 16-23 






1, 2, 4, 14, 15 


Si 




1-23 


*r 






#»>» 



2. :Strft2&tfift93 (PCT8UUJ70.7) 

3tSfcl. JP 1 1-1 6 2 8 5 2 A (tV— 5** — ^fla^tt) , 

1 8. 6/3. 1 9 9 9 (1 8. 0 6. 9 9) 
XiR2. JP 64-82671 A ( 0 *«^Ctfc^th) , 

2 8. 3/1. 1 9 8 9 (2 8. 0 3. 8 9) 
X$k3. JP 10-223901 A (y=— , 

2 1 . 8/3. 1998 (2 1. 08. 9 8) 
JP 62-92327 A (tSfe^^t H SdR^M) , 
2 7. 4/3. 1 9 8 7 (2 7.04.8 7) 
— X-iBfeS-*- U S— 5-6 1-6 9_4 7 A 1_ (Matsushita Electric_Industial Co. ) , 

1. 48. 1 9 9 7 (0 1. 0 4. 9 7) 

£$£6. JP 9-3 0 9 7 9 5 A (SJiSA^.T'f ^9^^t^-) , 

2. 12/3. 1 9 9 7 (0 2. 1 2. 9 7)^^^ 
;£ife7. JP 1-211976 A (S^mMM^tt.) , 

2 5. 8/3. 1 9 8 9 (2 5. 0 8. 8 9) 

a^-^-jg 12 4 

" W&Sl. 2, 4fce«£*Lfc»9!r4, BRfl3H»«rT?9lffl*ttfcS:«lfclBii* 

xflt i (owefc 6 o ~ 6 8 icf± N y = ^3E«_btc^— iaiRjt£-c«a£JH*G> zr02 

vn?> 0 ±SlC7T^^tufcA 1 NBiasig— iBiRH4-ei«fefttt-CS>5 fcv* Tf 
5B ft&® 3 .5-10 Hl|B«fc**bfe*WW:, ■HBRlP«E»ft , e§lffl SftfcXItt 1 — 7 



«3;PCT/IPEA/4 0 9 (fV«l) (1 99 8f 7^) 



mmtum&-% pct/jpoo/044 77 



7 



IS*^ 11-13 

if &m 11-13 ^M£titi&wtz, mvm*m&-?3\mztiizxwi 1 - 7 mat 

Htf&l 1 4 



Xtfe 4 COM 6 0 ( a ) <om,W t UT, G a A s 3&tROflW«B l£ A 1 NM^SiStt 
BXfo%> 0 

mmm 16-23 

si*3® 16-23 MsmztLit&mtti* mmm&m&x^m ztntxsk 1 - 7 mat 



^TtL(DXm^ii. S i&AJlO (111) ffi±(u«*^ B (DA 1 Nm&j&f&-t 
Z>~b, Si ^fUJlo (10 0) jg±fc4^©A 1 NR^^fiWS r. £ x 
<D$m<D#"^?D zs?&y K&TVi' $ = tK*, -v^i/^^OVN 

e t % a 1 Ni^co_h(cA 1 Nmx 9 h^^mmm^-r^mmMnRx^mmm^m 

<Dih<D\,^-rtifri'D&^tix^zz.k. rx$. AiNmb¥-m&mt<Di&ttm. 
$ fix it^zzttd^x mem ztix&h-r. t v ^ * z t> ^ 



it^i 5 



^SPCT/I PEA/409 (ffiJcW (1 998*7^) 



d9) vtntatfimmmmM 
(43) mm^mB 

2001 *£1 n 18 B (18.01.2001) 



mm 



PCT 



II IN 



(10) SB^ 
WO 01/04943 Al 



(51) SBftStttS 7 : 

29/78, 29/788, 29/792, 21/8247, 27/10 



(21) SB8tagiS#: 

(22) iKtijSQ: 

(25) mmmmo>m& 

(26) mmtemoam: 

(30) ttfttf^— 

1 1/192659 



H01L 21/318, 



PCT/JP00/04477 



2000 $7^ 6 0 (06.07.2000) 



(71) ttJSBA(#S£»<±T<Dfc£Si::oi>T;:#rFS 

SSIE»a#a (MATSUSHITA ELECTRIC INDUS- 
TRIAL CO., LTD.) [JP/JP]; t 571-8501 *BSJffRHrP 
**PW 1006#* Osaka (JP). 

(72) SgBJ%; t$£Zf 

(75) «§0^*/diSBA ^*Slcoixr(D^;: SJII*5l 
(NISHIKAWA, Takashi) [JP/JPJ; T 565-0875 
Bam*llJ^l-2-C30-106 Osaka (JP). 



(74) ft 31 A: §k. ^(MAEDA, Hiroshi et al.); T 

550-0004 ^Efl?*BSm®E«5*Br IT S4S8-^ 
tf;U Osaka (JP). 



1999 *7fl7B (07.07.1999) JP (81) ftSS CN, KR, US. 



mmmi 



(54) Title: MULTILAYERED BODY, METHOD FOR FABRICATING MULTILAYERED BODY, AND SEMICONDUCTOR DE- 
VICE 



= (54)*w(D*«i:aii<*. mm»<D9i&yD2k&zs¥mKm* 



m (a) 



o 



u i i i K 



2 rwww 

DANGLING BOND 



3- 



\7 



Si WAFER 




(c)[ 



'/////////////////A 



80 A-lNttAS 

j A1N CRYSTAL LAYER 



(57) Abstract: A silicon wafer (1) is cleaned 
"by acid treatment and heated to remove" matters 
adhering to the surface. Plasma of nitrogen is 
supplied over the surface of the Si wafer (1) to 
form an A1N crystal layer (80) not lattice-matching 
Si crystals on the surface of the Si wafer (1) by 
the surfactant effect of the radical nitrogen.The 
lattice spacing of the A1N crystal layer (80) is 
substantially equal to the lattice constant of the 
A IN crystals. Therefore, there is no strain in the 
Al crystal layer (80) due to the difference of lattice 
constant between the Al crystal layer (80) and 
the Si wafer (1), unlike the case in which an A1N 
crystal layer (80) lattice-matches the Si wafer. 



WO 01/04943 Al IIOIIII 11 irilD IDI] [III I il III IDH If III Ifill II1II ID! HD1H (III lllf III) 



(84) Jg^SflEiaj: a — a -v/<1#8<Hat. be, CH.CY.de, 2 X^n - K2ttfft&©BS8§f::-3l*T 14. 5£8!f§frS:ft3 

DK, ES, FI, FR, GB, GR, IE, IT, LU. MC. NL, PT, SE). QrPCTlS M V h a>#HI=J§©£*tT — K£B§g§ 



(57) 



mm(Dv-y 7 >?* > h^mic j: t), s i s« ( i ) <Dmm±iz, si ^n,^ & 

te^S£HrbTV>&V%A 1 N*§Hjl (8 0) §Mt5. A 1 N*gM (80)© 
) £*&^g^LT^*i§l!r© £?l;i> A lm&M ( 8 0 ) fcfct, S i£« ( 1 ) 



WO 01/04943 PCT/JPOO/04477 

1 

%m « 



s i ste_t cf£f&£ ti£ cmo st^w * tc & ^ t j* . ^sux&mm 
t^Mos h 5 > v x # mvm^-viffliMits &m?<D^mmib<DMmiz &m l o 
fec^ifeSo ^©j:d^^$ffl<b, nmmitammizft^, mos h-7>^^^^ 

earns ft &t., y- h*6^{K©#fiL®«^fe t) (Dmrnmitn < t^^s^^ 

zzx-s y- \- mmmommtxzm lt&> s i m^o^mit^^z-mm^z 
i atfccDf&^bK iot= ^<bs^ (s i o 2 ) mmm&mi&T zfite rn.it 

M<bBk<DMf£zru-izxifim?<o®Lffl<b> ffi HI «Kb c + # 2* Jfc "C S 5 £ 
if<D*U;&£W lTU5©t^ 3!£S iS«±CM*n4 CMOS h^>^ 



WO 01/04943 PCT/JP00/04477 

2 

8l;ttf. ^&<Z> SiIF?> y * * Bl%cZ)*3&Jiig£g!£ Ufc r THE NATI 
ONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS (THE SEMICONDUCTOR INDUSTRY 
ASSOSIATION in the U.S.A.) 74M Table 22 j ( 3! 1 CD ;£ j& ) lzmm£ tlTU 
mm 1 9 9 7 4 ~ 5 nmT-&ofcy — V frtfi. 200 

l^C(i2~3nmt:«;5i:fI^tit^5o ^ It, Si0 2 flit <£> 31 flgfb <E> S 
MK*S;t 5fc#>©&§* 2: LT, 0«;t«*&»fb<D#8C5&»&#©SlSlia&fb£ffl 
^ <D C K 1" 3 r{g^&$g(THECNICAL REPORT OF IEICE.) ED98-9, SDM98-9 ( 
1998-04) 15 Mj (m2<DXm) Ci^^nt^l)SS/!) s *2.o Z <D * fit (f © 73 
& 13 S i 0 2 j£(Z>lRJ9tt 1 . 5 nm-e&3o 

tut, y- Me«iKSJi5fifc-r -5#*4^Msim^<b-r z>jj&<Dmt lt^ r A ppL 

IED PHYSICS LETTERS 72, 2835 (1998) j (gt3©:SciJO iZ m& £ tlT V> £ 7j& 
#$5. C©*«©*^T?t±^ y— h^feMMi: It S i 0 2 Illo^^i^S 
©"T?fc**f <s S i 0 2 /T a 2 0 5 /SiOi CD^JUBt (3«fli) ^fflv^t^S 
o ^®J:3l:lI^nfettitTa 2 Os <D Jrbsl** # 2 0 ~ 2 5 h * £ ^ £ i: 

■T^ < , Si (DiSiSftC ct o tlfcMsl© Si02«^PS#6DP^iC7> 

4 £ -ST ^ £ CDt:& £ o 

U; tzs U±£lZffl&mffifr S i O 2 W^©»»tc«t ») y- M5il^M 

u ct o tr zmfrt>$> 2>o mz.& r$tmw> i-64789j (m a <D^m izm 
- hmmmvm&z-misbztzisbiz, sio 2 {zkhxj * v u T^sE-fbi^s^ 

(WTx YSZ hBSIB-r^) tc«t t) y- MftSKSfllfifcLTV^o S i 
0 2 ^Ta 2 Os # — f&miz liTt ;i/ 7 t ^ WlMX $> & (DlZft it ^ dceffl^ 
£*lT^£ YS Z(i^^,14^Wr^o 

<* e>izmtemm&e>. sio 2 w^©«^c«t t) y— hmmmzmmv &*> t 

l^^tfife^. 01 it a r JAPAN JOURNAL OF APPLIED PHYSICS 35, 4987, (1996 



WO 01/04943 PCT/JPOO/04477 

3 

)j (B5©xm) izmmztix^zismxiz. tl^^Il r ^ 

ZMM-? & Z hOtztbOtflWf&'iTti.iX V^o IIT'lt ^ 13 3&fl«t£ £ 13 o P 
bZr.-x Tix Oa (PZT) ©il$^- h^li: ltffl^tlM>o L 
U&#£> CCDP Z TllilgS iSfilCMtSC hfismmT~&Z<DT', P 
ZTIhS i S^ilOP^K C e O2 Sc fcT CD ffe © M *4 *» £ & & *fe*lfli £ iftE £ * "C 

fg 1 CD^:i)t^^V>T(is 2 0 0 6 ^l;y-Mf 1. 5~2nmisil^S 
ifS^ntl^tf^ ^ftWP$ N S I O 2 m<Dm&& l • 5nmiHI<ti 

- tiTV>^v\ 0 -r^*3^% S i OrlS-l . 5 nmUTKigflgHb lfc.titf/W 

7.<D>f- h^ilh LT^£<i£i±^WBeT*&£^;i£»ftTv^o 1. 5n 
miDi^llI$tt5Si02 JSI*P * b > * ;i/ « Sfc # ifc ft 

TU2;5fc#>*:#x.*>ftTO£o :®J;^&filh > *;i>«»t©$B3=iiD RAM 

^o|g^t4 (^®^ftcD^g#'h;*^ # S i O2 Hi^tifeS 

m 2 (Djtffifc&^Xlts 1. 5 nm©H#>T#VN S i O 2 M#ff2fi££ ftT43 t) 
s SS^ItJE. 'J BJ8«*Sftt*t £©£M4 d t&m^ztix 

®^§&tt©^£#SBiit;:&£©T-&£o 0>Jx.fc£^ 2 (DXtifcrplZte, PMOSF 

E T ic^T^H^ U3>*^«:5y- MB««t± 

% h £ LTffll>T^£*D > (B) # y - h mm * S i O 2 flI£M 



WO 01/04943 PCT/JPOO/04477 

4 

Si0 2 &$?Jf«fr£2. 3 nmiZ L o % Z ti&m&Z tlT^ 2>&s ^©M*& 
?gjgfc^ 2. 3 nraOlS^tt?) S i 0 2 I® 3^*feSo 

S! 5 ©ScSUc&lM: fcfc> SSSI«f*:JB["e** P Z TJK&^fiR-raaaKlH Ce0 2 

Tfex Bi, Pb, Ta, Sr, B a & if© S^JS & ^ tf & © # l> © "C > :n 
e>©£Jg#s i S^^^tfiiJt itf *;w©«£mttt;:iSieW£#;t s****** 

*t^o Isj^iUz&l:)- 3 SECONDARY ION MASS SPECTROMETRY (S IMS) $Jj£© 

£ft&©&stm##jft#tt^#»©&fbfeT?*s c: ^*»f>, ^igmttMh s i* 
4Sh©^®ic s i o 2 mm&m&ztiz w^tta** tv^ ^#f^©^®c sio 

5iE© ^gp^* s sim*©is^ sio 2 mt&izwMz tiz z & < , ?&nn& 



WO 01/04943 ' PCT/JPOO/04477 

5 

l^C^at^l^A 5 * b&l^o bfe^oTs ^^KjeH^&f^S^&ft £©'J> 
&v^bM&£©*£li^b^^M#*# £*i£o LfctfoT. #1 x. ii^fb t>JBI£ 
^- hMltflgh LTffl VNfe^t4©«tifeM I SS!h7>y7^*, &fb«&JR±K 
£ 6tc«gSt4®3iS8a<*:lBt*S»fcMF I SSJh^>^ &fb«JJBi££fi: 

±8a*SS&fb'&«3JBI* s III «7c3R©S'fb«lB|-C*4»^tc, III 8l7G&©£fl: 

±I3*£H,J1# S i ijsS^*-r & t> . _tS3S i &mm(D3im& (1 1 1 ) 
MWlz\ "# iz\ ± C-flH*-* ME-'&te-tt-SW S-<b-«i-Bt & E © *S.il.t* <b fi K * 

om^m&wnm^mo) ? *> ^-rti&-i3 om^m ^m^-r sis (a) ± 
ib-^©m^»©±(3, in m^m^m^m^Nm^m^ r> t><D^<Dm^m 
zmm-r us (t>) ^^3sss^^*?M-rc tcj: *£nt£©iii m^m^m 

±I3xa (a) T*«, Nm^mZMfftls, ±82XfI (b) t-{±^ in &n,mo 



WO 01/04943 PCT/JPOO/04477 

6 

hji (D t&^p t i± m& u t & v% *s nt£ © ^b mm &Bf& $ n & » 

±IBi^^Stt, S i ^HJPTfc ±I3Si*SHS©X®ii (1 1 1) Strife 
±IBXl (b) T'te, A lI?ISjfJfiEtSCi:C<t ±13^-0:^)11 i: U T 

ii l m<D^m±izmm? zfr^i&^K # * v& (mbes) izx *> ntet>ti& a £ 

±iS±<D*'>yu>^#>K£iM£-fr£Xfl(a) i:, ±3BSi*gSJB©±tc: 
. Sii$©AlNl*iit5ll (b) h£il£-ON&o 

if A 1 N1K#*# ZtiZo 

±S3X1 (b) cdbuIc, ±13 S i *SHJf © it® SB £ ^<b UT^fbJifSljl 
-T £ ±13X1 (b) Tli, ±IBMfbJ£f?IJB©±K*£ifH£© A 

i Ni^iit^utcj: si mmma&m&istt z ? > r v 

±13X1 (b) ±I3A 1 NAKtcBSS, 7km%.Vffi.M<Do *>'i>& < fcfc^ 

-ftifr 1 •oSiJiDtSCiiCJ; !K ±IBA1 NJII*3tC:fcttS±ffiS i^^®^© 



WO 01/04943 




PCT/JP00/04477 



7 

*mw<D*m&m?i±. ^mi^m^^-r^&mt, ±m*m&m<D±izmv & 

1 NJi £W <T £i^iI£^#<Z>#{itM^*: D ©^MfriS < & So *S.Ht4 

&<bj&fcP«©&*f&M8ii4*3BJ?-r* 3 £frt? § s» z<Dmmm&m. 

C hfr nTt&fc&So 

i:frit? £ b^, 

±tB*#<fc*frs i^iit-fe t). ±m*mfom<D3im®.& (in) ht?*> 

S^^lcii, ±SBA 1 NJl#ffl«A:fcS*:& ^©^Sfr (000 1) ® £ & 

So 

± IB # * ik W & s i t$~M' -e a -$k ±13 * fr -( l 0 o_) a 

S»^fc:i±. ±13 A lNfltfAtfgfc&tK ^©£®fr (10 0) ffi^^o 

±m*m<km<Dm;miz3stt2>y>>fv v&tjvk ^^a, m^, tk^ 

. ±iba i Nmt^m&mt&ffl&RMfc&tt z^mmtiL<D& &z t 

&t zmitmrnrnz z Mcgstts £ act tK s i a^cD^n-a^cD^ 

£«£fUoo. Mfb fit Jf ot ot^lftiSciffl ic&tt S ^ 'J > 

>frt> Kfr£ t> L> ^#i*:atgi:©^®{3^(tS#®ip<itcD^Jg^®At)-r 

fr&tfcir scd^m?- s c: otitis. 
±iB^#i*^^i3i;v>-r^ ±i3ie^m^^- vmmmt. u fro, ±ibain 

-rzttmv? *>>ptz< h*)V>-rnfri-oHot oii^ns^t^i^^? zizmii 
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*r a *>^& <i:*)V>-rft* i iotz=t t> mi&z tizmmfamzz *>\zm 

1^ ±IB^«i*SO±{iSt>*T{ai© -5 *>'J>tz < £. *> ^"f ft fr-^tc -r 
SH«ttR#ifttte>n-r^S:®'&K:fcJu ^Jx.(iMFMI S F E T i: LttitS 
*i!i#|f|^#f#£>ft&o 

t^fniPloStstt, ±SBA 1 N Jf i*j tc *; •5±I3^#f*:a«i:©ts^^ 

±IB^#i*^^(c^VNT, ±gBA 1 Ni©fiftSii:0t&??l^&i^^ 
■tfT, ll3AlNi©Hi$SiS«)5uJ:*t-l5o 

HiSOfS«&8ft91 

01 (a) - (d) fct N i 1 ©ilBlCiS A 1 N^iiCff^I^^^t 

02 (a) - (g) fcfc, 12©^l^it:«SAlNlgilOMXg?fe^t 
0 3 (a) ~ ( c ) ti, fg 3 O^IiiC^SMF I S F E T & *f Cfig ffl £ ft 

0 Tf & s o 

0 4 (a) - (e) (i, fg 4 (DnMBm lz& £ M F M I S F E T& if £<£ffl£ 
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05 (a) ~ (c) it, ms (Dmmmmiz&zM i s f e t& k izmmznz 

o 

m 6 tts M7 (Dmmmm^m^>M isfe t (Dmrnz^-rmffim-z $> z <> 
mi it, si^n, sio 2 mm&R a i n *s ii © * ^ * — ^ > Y*m? 

0 1 Ote, m 8 CD^JS^^^^tt A 1 N^HJf £:n ^> t;^S^t5 

o 

HI 1 (a) - ( C ) tt, S8 0^Illi:i5l7SA 1 N mmm & \Z * * > 

_ m i 2 b 8 cD.mmm me & y- & s LSiiAi njb a Jit ©* «j* © « » 

0 1 3(i, fg 8©^JSBS(3*5VAT^tf^^r^-^;i/geS^nfcA 1 N^HJf © 
m^E] *f ft £ ^ f ^ "C & £ o 

- A 1 N©S*4$^l3ou-£ - 

0 7 14, S i £ *f f 3 A 1 N ^ V S i O 2 <D * ;i/ ¥ — M > F © K > Y ^&Wi 

l^0K;^£nSJ:5Jc, Si 0 2 (Ds*> Y v 7 (fc^-m-MMT^®^* 
1/^)1 (DM, \)m±^<Dm) tt^9eVe$5, ^ LT> Si0 2 © 

mm^mmt S i ©fiffim^^^BS i:©F^C{±^- 4 . 7 e V©/n*> K^&$c##:£ 
T-So Si0 2 ©£#^28 i: S i ©£*!?«£: ©Frgc&#J 3 . 2eVO;^ 
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AlNClt^^hS i©iS?f«J:0Pli:ii^-3. 0eV©M 

2 . 1 e V©M> K^Iitf#4ti>o -f &fr*>, A 1 N £ S i £:©ftg©/N*> K 
^S^iii, Si 02 i:Sii:OPlOA->F^i«©6 4% ( fiffi « dP ^ 081 ) , 

6 6 % (fem&m) t$5o 

&&Ltji^z£z£fr£>, n^mm&&u&-r : hztft-z%%o ain« 

S i hco RMlz&tt % S i0f>^'J>^l> h-fttPtz^Zhfrbs S i £©# 

Z\nt>co Z hits Si tZtHzMfa? zmftffitttVffllz A lNM^^ft^-fr 
%> Z illZ &-oX. Al Nll^y- h *t !£•$>*© Ail ©PfSJl h bt + ^JffltS 

M©MHHi^fci:*-^ > K3S«^l;^»4P-«©Jg^* 1 oitlcitJi^ 

mmmtt-z? j ?Mi&mtb<D±iz=.\z * * -a- ^<Di±-^miz 
) miz&^Ti±m*<DmwtiLm&mcT-&2> 0 (i i i) mx 

ili (WT^ ( 1 1 1 ) S ±Ctt. S iS«±(3A^^ 

-fefl^iA 1 n»©bj&- 
zzx, mmm&. miiZs A 1 NaSBtttf + fl^l^^fcH:* ( 1 0 

0 ) ffltSSS ifi£ (ttT, ( 1 0 0 ) S ig&h^5) ±(C> i^^©K® 
3&fc£§J©iti£IHif j££*f-r & (10 0) A 1 NlM^^fllSc tCf @ Lfco A 



WO 01/04943 ' PCT/JP00/04477 

11 

£ »k +v>j7©ij8h>*;i/'j-^sjiiiiaLoo, ^««^fs©[pi± * m & z\ 

S iS*fc±^©III ^M<b^lli£JSI©B£&^li u-tfci^ &6(DXffi " 
T. Lei and T. D. Moustakas J. Appl. Phys. 71, 4934 (1992) " , jsXVmi 
<D3cfi& "A. Watanabe, T. Takeuchi, K. Hirosawa, H. Amano, K. Hiramatsu an 
d I. Akasaki, J. Crystal Growth, 128, 391, (1993)" t*&3. 0 

-tS?#I^SA 1 Nl0ifiE- 

%2\z, & S^TJI&^T 1^ S i &fo<D±lZfe?&WM&t£Vt 

Vol. 53(1998) p. 244-250" (c SBtB £ tit V* £ J: o \Z % Ti&*SH» f^ttS L 

cDfiKSil^Ji, TIB© 3 it b izfrmZtiZo 

a. T*i± CP «C J&ft-r § Frank-van der Merwe ffcft (F-Mfigft) 
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z tilt, ? * is 2>mm&Tmiti& mm <d±iz 1 m-r^mizm^.-? 

c . Ttfe±t3 b fc^^tUcj&ft-T SStranski-Krastanovj&ll 

( S - Kf&JO 

cifttt, mtr* ^r^^;i/^sf ^mm.i^~rt^±\z 1 slices 

SffinttU, -flStfHcJi. TIEH£&3$ (1) Xtt (2) 

cr s <cr in +a g ^t^JSKft (1) 
O-s >£Ti.+ ff g JfflifiBft (2) 

- - ^-7 7^^>Kis (1) #fi£ t) jjloT 

i:i:J:»3, H&5£ (2) tf^^ioi^ (: It, £ g>4*f&ft*> £ JpttfiS 

i * * * )i m&m & rmm ne m.m <d m. *mm © m m & is. t ^ z& w- ? iz 
*i><* )um&m &$t<Dfe or (o ^ y)fe=?ft&^\z) i&m-rzm 

< , *i'*)\sm&m&Tm&mmm.m<Dfe*izm&^xm&Tzm&T'$> 
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^ 9 CD^C^ "flgifctlS Vol.29 No. 6 (1994) p. 559-564" (I 
S i/Ge/S i©Ar Dxt^ + >>t^^S{Ii)^t^ Sb$1^-77^ 

#$6HIJ#fcJ:x S i _h A 1 Nl^filg^tSi^l:^ A 1 Nl© 

Mf&7bm-c&2>m.mm. : ?N&-v- — ? t 9 * > h brn^-r^ ^ tsu^i/, 
-m 1 (ommmm- 

*igB^©ii©nis^i(:^i>t(± x ^^i^ ^ * (mbe) mw*<&i 

1 (a) ~ ( d ) «:. x i.l_0 HJte Jfc JR£ £ A 1 Nl© ^ ^ Jlp S »r 35 0 
*Tr $> o 

s i mm^(D a i N«e«iBt©Bj«t±x z & o\z, mbe^sw^ 
© & a £ « ^ t & or he t- & & o 
*1\ 01 (a) (z^t-x^iz*5 ^-r % m^zttwi-r ztcitxD s i s« 1 <om 

&*ftt£-ofz'ik, S iSIl &%Hh&m (HF) -^^<bT>^^^A ( N H 4 F 
{3z§AiT£o z.(Dm, S i»te*®fi2K^ (H) /^^McdS i 0 2 T^fry 

t xmr-fomztix v> So s i 1 <e>£@& (1 00) u 
imp, (ill) s-^flfe©^^©®, &a^«^n££i&jg*:7£-y:fc®-t-&o 

T*>«t^o MBESirtCi^ttt, 1 0 0 ~ 4 0 0 o C©|gffl^T'S i 1 £ 

^©^k hi:s i i£#*slt8oo~9oo °ccom,m(Dum\ztfkn t 

2>o Z.(Dm. S ill 1 ©Sffl^SIbt^tHI^^i^S i 0 2 7t^77 

*««giL, 01 (a) tc^-r r t < ^> >^*> f 2 ^s^ns. 
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^bT> mi (d) t^tlgCjS^t x MBEfigfi^t: t t!)x A1I?1§ 

mmr z> tztixomn nm^m&j&i&T 2>tc.tb<Dmnt.&&M£.&teisX. a 
i b. Nm^rn t. * li^if o^icii u^<:i:iat)s ft l oi 

CD A 1 N*5HJg 7 i^BS^n^o 

HI (a) ^£01 (d) fc#fr r 6agt*^"r, SiSSUA 

±MCD J: 5 tc. A 1 NfcSHJl 7 <D (10 0) ®*5«fctf (1 1 1 ) Btc&OTfci: 

> VN-rn*> a i i? 3 £ it -e *i e£ £ ft njsi^ 4 a* 

SlCSns, Ufe^oTx HI (b) tC^-TcteiC. AlNSiI7rt(^ S 
i mm. 1CD^®CDS iJ^^^A lJf^3 ^^5^ C^^ltl^Wif ^ 5 a # 
ft ZMStL > 01 (c) lz^-TJ:d(c. A 1 N^HH 7 F*3 td ^ S 

m&ii* i &z>o mi (b) {zm-tftBtm (b) tc^-r *> ^tn* 5 ^ 

A 1 N^ H a B 17 0!iH4!i, A 1 NiSgHJl 7 4^0 1 (b) i;^t#Si«5a^ 

w-r -s^-^-iiia i (c) \zm?wmmi&5 b zmr zm'&tx±<mmx&i3i^ 
fegu s is« i fttzpm^tfovoii Lxmm-tzA lg^^iAt s ci ^ i± 

ft?£b<$^CDT-x 01 (c) C^ttlOfidA 5 ^^ L^l^i s ^^o -Dlk*) 
i: ^> o 

-m 2 (Dnmmn- 
m 2 (Dmmmmiza ^xi*. #^«xtr**^ (mbe> 3SHs«£ofc#^« 

(a) — (g) fc*. *H«g0^i3 A 1 NM©BJ$x*I£^-r»r®EIT-&3 

o 
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±mm i cDm&znte^tc'&s s i mm i *mt*m (hf) -^^^t>^-'> 

MBEglrtCiAtSo <I©B$, S i S«3ifflJ±7kfft (H) m^^mmcD S i 

o 2 T^E;i/:7:r*ji-e$ia;*ftTv^o si 1 <z> £ ® & (100) m~c$>%> 

i^* 5 , (1 1 1) m j $>fti<Dm#.<Dm, ftz^itztiz $ 

-££:®T-&^T&<J:^o MBE^BfttC&^T&s 1 0 0-4 0 0 °C <D IS IS 2; 

s i mm 1 zm-u? & z tiz x *) , si mm 1 vmmizmzTkfr^mmx 

0 0 ~ 9 0 0 "cofEfflcD^sc^i^i- s i^aD, s iis©±c^> y u > 
s i mm 1 lt^©±£ a 1 N*snji£i>j&-r £<> 

132 (a) iZm-TXolz^ Si SIM 1 (D mmifi^mm^ 1 OdcfcotafctiT 
•£LT, El 2 (d) iZTjk-T £0 7J<^J1^ 1 0 £ ^ UT. £*t£^ 

siSjgioii^siOi t^k-? 7 ^m^%(Dit^m^mm\z & o 

tltotit S i mm Zlz 800-900 °C©liH©S^C 

s i s« 1 ©3t®*> £>8&at <r -So t^i:, 02 (b) c^ir^ac Sil 

« 1 <omm±lzy>>r*) Y 2 #g5£*l5o ^CIT^ EI 2 (c) ^^-TJ; 

o \z, m^mit^m 1 usi mm 1 ±o >?x> v 2 izm&-? 

E12 (d) iz^t^^iz^ :©fb?i 1 1 zm$Mm? 1 2 ^ u-ra 
l t > ^">^u >^^t> k 2 **iag$-e-So z\(Dh%\zm^&m$&mih^Mi 1 
^LTii, tk^ (h> , Mg, mm (s) , mm (n) , t^^a cad 
&if©d-£<^rnfrio#3ifcfn3o 
ti±©j:ac ^l^:Ltt^ s i mm 1 ©a®±©**> y U >^tf> K 5: 
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L T n EI 2 (g) £^TX«£;fc^-C . A 1 N^II 7 tfi^^tl^. 

x, 02 (d) ^^>iu2 (g) iz&'n ■? zmmizis^x, m 1 <z>mmmm\z& ^ 

•oX A 1 NJ^^« 7 CD|^®^M<DST4S©J^^i) s A l*>N*>#$£££©-£&3# 

> s i sis i <Dmm±e>m3%m? 1 2 cto-r. st^ai^s 

^6 It, A 1 N^if 7 © (100) ffi*5J:7>- (1 1 1) Stz&^TfcU 

*i*> a i^^3 tuixmmztizmt. njm^4 iz.ttx-mm.is nsi^^sc 

ans, Lfetfot, 02 (e) (z^1-<t9i:, AlN|5I17rti: % Sili 
1 (DrnmcDm^m? l 2£Al/li^3£#5lWC^i%LT^£ffL®MisE5 
fig^tLS^-^ils 0 2 (f) titia l:, A 1 N^il7 F*3l3 N SiSilo 
m@CD^^H^ 1 2hNI^4 ^SVWC^llrLTV^I'flS^iigi 5 b#^f££*l 
Sl^ttf^S. AlN^II7 0^|4li, AlN^il7*5@2 (e) IZmT 
#Siii5a5St5I^i:i2 (f) iZTjkTWffimm 5 b £ ;& iT Z>M^hX± 

fc.£L. *^JlSJ&JBK::fcVNT:fc. S iSilrti:pST^tii:LtiitSA 
1 i^tffiA-r S C * L < te^(DXs 02 (f ) lZ7jk?Vtm<D& a 

*HIIi©*^i:J:5i:, 02 ( d ) tc^-Txaic*5V>T> SiS«l©i 
® C *> •£ > ^ U >^*> KStlJSIf 1 2{:iot^5S^tt*^ A 1 N 

^sojSKfl&s&fT&a©^* ki i ©niKj&sio^Ssfctt^ M^nfcAiN 

?1 2ip^&51 JSC^S**^*: Lfctfti &©T-. iMJMiP 1 2 fc^-f^b 

fiiiisjRtSutiaot, a i m?<D s i i ^<d&az£ *)®mm 
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-fg 3 (Dmrnrnm- 

m 3 (Dmrnmrnizjo^xiz, ^jx.«mf i sfet^^ht mm t & 3 ^ 

S3 (a) - (c) li, ^3 0iiBICi)mAlNlSViil$:iiOll 
if, H3 (a) , (b) {Z7rsTX.miZjs\,^Xte, ±7&(Dm 1 3Uifg 2 ©^Jg 

mm<Dj&tfLJLm&mm lt. si s« ioiicai n^suji 7 §ifiEt5o 

03 (c) C^tXgfe l^X > AlNISil7©lt:, *S^t4^^f 
< 4) ( £ r ) #i£g&Kfb© S i O * M © It §3§ ft * 3 . 9 Ji t) 

iz v— y mmm * u > u 3 > jh 9 * j^es -r § o 

^©i§mfti£ffil8 ^ifi£t5«^(±^ i«iN*gHt4£i$-oc J:*sa$ Lotfx^ 
111) Si i«±t-l±AAI ( atSSttSS) © (OOOl)StfSi &fo 

© (1 1 1) m tm&t 2><dx, ysfimMmzm? zmmfottft&m^zizs # 
u^o ( 1 0 0 ) s i s«±t*(±^^^ (wffi^sa«as) ©(100 
) ®#s is«® (100) mtm^T ^><dx. ^L^mmm^^-r zmmfoun 

fc* ^Si*:^M8 ^^fig1-^simi*:^^©^Ji: UT{±. 00 x. tf S i h ©te^H 
3 7%T*fc£Ce02 Si ^ ©tS^^F^^^* 5 - 5 . 4 % T* & 
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h mmm:h Lxm^z ztizj: $ , ^^mm^tz wmm. 

>m^>) * A (BaTiOa ) , PZT (PbZrOa -PbTiOa ) , PL 
ZT (Pb, La, Zr, Ti£^<tf$Kb&0 &^tfife5o iSSH^fe© 
M^Al N&i^m 7 ©Jtf3&g£1t#:#3ft£BJ& <T -5 C i: \Z X o T , Z(D&mm& 

zn-^mmfomm 8 ©^n,**^ t xmm&m? znm±izmmfomm 

t&mm&h ttmt zmm.tt.mm 8 ®m nm*fe®iz-m < t&z twxz^ ai 
n*£hji 7 hmmfrmsg 8 Kzmmi&^fovntmmm (er ) ^^izm 

i±%kMm&&%-t2>mmi&Mm s^si mm i ±izmm-r zmn^ ^7iH 

X $1 its iT -5 o 

nffl?& Z h&T' £ Z h ht> (Z, A 1 N$gHJl 7 g#CDf§ft^#ji^£ hfr£><7* 

— h «^ l: WiP t «E ^/^> 7 7lt ^ S A 1 N ^ H B H 1 7 I: S § a* ^ 

77|tlTSi0 2 ^tzm-SlZlt^T, 1 / 2 tlTCHat^: tUfiX 

AlN^ a 117*51^|g H B H j4$tt5ui:*?>, A 1 N*SHJi 7 ©±£ 

^ii^ifbt sot, j: t> n^mm&zmm 
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Wi 4 (DmMfcMlZ&^-ClZ, MFMI SFET^i:LtIi1-53^^tL< 

4 (a) ~ (e) f±, m 4 (OmmmMlZjott Z A 1 N^H/l, *SHf4t3§m#}gil 
*1\ M4 (a) , (b) l:^txgCi3 ^"£i±. ±iE©^ 1 Xttfg 2 ©USE 

mm(DBi$.z.n&*\m it, s i s« 1 ©ii:a i n^h* 7 zmm-r %><> 

*<D'&, 04 (c) {C^fxa^V^T, A 1 NijgllJi 7 ©±tc, ££IH4£W-f 

0 4 ( d ) l:^tig{:iH>t, fg 1 2 1 ©_t k issim 

M2 2 fctiflfc-r £**3|B^ Ltii, >WL'1V (B a T i 0 3 ) 

, PZT (PbZrOa - PbTiOa ) , PLZT (Pb, La, Zr, Ti 

&3&&.{b«0 &£#&£o 

04 (e) t^tX^C^Ot, *£Jlt£S§m#:*gM 2 2 ©±{zfg 2 
tttil2 3 ^MtSo tSIttSttSS 2 ® 2 3 

i;t% gg 1 (Dmn&mm 2 1 *5«trjf^ 2 <omm^mm 2 3 it. %am&mmtt. 
mv- hmmt Lxmrnzv & z ii&asmiztez 0 ^ut, *§nt4s§m<*iiii!2 

2 m 1 ©2»«t£«l§t2 1 fc3VW2g§2©#mt£igM2 3$) 

-sb 5 onmmm- 
m 5 (ommmmiz^^xit, wttiMF 1 sfet^^j: Lx%km?z 
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o m5 (a) ~ (c) fcfc, fg 5 ©HflfcB^K&tt & A 1 NlS^l^gl©!! 

*?\ ei 5 (a) tz^rxign&iM:, i?^^it§tto©s iitioa 

*f>£fT&ofc|£, S i S«i 1 £&fbzkili (HF) ^ftfbTV^E-^A ( N H < F 
) ^ttJ^ICSil, tX&, §£*sUT^£>tt*>&c^{b£:, MB E/&S£fT&a 

«>©^ii*ic#At5o ci©b#, s i»^^®(i7X^ (h) m^^mnv S i o 

2 7 : E;i/7 77,I'CiI$ftT^I)c Si 1 ©£@m (10 0) mx$>£ C 
£#Mi;boa s , (111) ®-S>ffe©i«&c7j>® N &&^&^}x£ £2&^;fr:7 £ 
feffi-T^oT^.t^o £1 g l*J (3 £ O T te^ 1 0 0 ~ 4 0 0 °C 0 $5 H £ T* S iMfc 

^M:Si 1 5#Sbt 8 0 0 — 9 0 o °c<Dffim<DU&.iz&n-? 

ZisX, EI 5 (b) H*txi[:i5V>t, gt^tfcNHc *7*a^{±Na 
0#;*. &£v>tt^^*r;i/?St$fl;Lfc^;tf;*£S iSi 1 ±(c#t*&L, Sil 

1 ®^@cd S i £^{b Sis N 4 & £ cd MYb&mb £ S^sfcSH 

&<7^> U n >M<bJf 2 5 ^Bfi£tSc ^Oi^s • S iStS^S^a 

Zift? • 4 *> zmmr s z tciotii s i & m<t Lxm^nx^Zo z<d 
g« i fr^—WLfr^mom&xm^mx, t 7 t mi^mm&&m. 

^cd^, EI 5 (c) lZiF? x.miz&^X s MBE^SCJ:^ ^ H B B tt®A 1 
5 iil^sltt^tt^^, ^c7>gtJP##^K&< , fro, £rfc&^fbM£ C VD 

^i:-tz«t t) *t «-r so-ett^ < s i i zmib$-£xmm d hfr £s 
v v zi>m<tm 2 5t:(is i i ©^B^iiscwtsiiim^^^nt^^ 
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iz & d > n v^ u mvt £ m m r % z t: # -mmx $> z> o 

'^<&5, -T&£>*b. AlNI12 6i:i/'j3>IftI2 5t©ill^t# 

sai » h -7 > 9<Df- hmmmh vxm^ & z ttz x % „ ^v^s^^ir 
-fg 6 eommmm- 

®><D S i »4&©ft#£fT& o fc^ s S i £ ^HbzK.fg. (.H_F ) m itT > -t 3 
( N H 4 F) £^tfM£g«L, ^j|Ltfre»it^t:^I^*©fefc 
OMBE^IrtCiAtS, dCDBt, S i g Ifc It ® f i 7K Jft (H) Jg^^mMcD S 

i O 2 T^E 7^it-«I^titu^o S i3t«©£fflfci: (10 0) It-^5 r 
Z i: #S3; b^#, (111) ®^>fte©i^^OS> &SVW3:^n£>£i&Jg;*^ £ 
-tffc®T' & £^0 MBE ^MrtK&^r s i S4M£#?igir-s c i: tc <fc *) „ 

s i 11 1 ©31®};: 21 ^i^ts, ^^i;si!«$ 

s^iii^ifbi^^ut a 1 Ni^jfMt^o ^©fig, _tfagi 1 5 omn 
mmnzte uxmm LfeMB eush^im:, mm, &m, estiftt^^^tifcL 

T A 1 N*£I1JI 7 (XiiA 1 NI12 6 ) ft IZ Mm® iZ WttiQ T 2> o $!ifl&3lW± 
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